demonstration of concealed or manifest entrainment of the tachycardia with atrial pacing, activation mapping identifying macroreentry, and continuous activation of the atria during diastole at multiple adjacent sites. Focal AT was defined on the basis of a centrifugal atrial activation pattern, dissociation of nearly the entire atria from the tachycardia with atrial extrastimuli, and early local atrial activation relative to the surface P wave. Incisional macroreentrant AT was defined as a macroreentrant AT that had a surgical incision as a central fixed obstacle. Atriotomy scars were defined by contiguous low-voltage double potential commensurate with the surgical incision in the atrium. Type 1 atrial flutter (AFL) was defined as reentrant tachycardia that showed counterclockwise activation around the tricuspid valve annulus. Reverse type 1 AFL was defined as a clockwise macroreentrant loop activation around the tricuspid valve annulus. There was coexistence of tachycardias if 2 loops, each fulfilling the definition of a reentrant circuit, were simultaneously documented. 8 Concealed entrainment was considered to have occurred when the tachycardia was accelerated to the pacing cycle length without alteration of the atrial activation sequence and with continuation of the tachycardia at its prepacing cycle length on the first post pacing beat. Successful ablation was defined as termination of tachycardia during radiofrequency (RF) application and an inability to induce the tachycardia. Complete block of the atriotomy incision line was defined by a detour of activation around the atriotomy and the contiguous great vessel, the inferior vena cava (IVC) or the superior vena cava (SVC), or atrioventricular valve annulus.
Electrophysiological Study and Catheter Ablation
Written informed consent was obtained from all patients. A conventional mapping system using a 20-pole electrode catheter (Halo ® 2-8-2 mm intervals or A20 ® 1-3-1 mm intervals, Biosense Webster, CA, USA) was used for the mapping. A 20-pole electrode catheter was placed via the IVC to the right atrial (RA) roof, and then descending down along the RA lateral wall to obtain data from that site in the superior -inferior direction. In those patients in whom the arrhythmia was not present at the commencement of the procedure, a standard atrial extrastimulus test was used to induce the supraventricular tachyarrhythmias. First, a 20-polar electrode catheter was positioned on the crista terminalis during AT. After intracardiac recording was performed along the crista terminalis, a 20-pole electrode catheter was positioned on the tricuspid valve annulus. Lastly, a 20-polar electrode catheter was positioned on the surgical incision in the RA free wall.
Entrainment and Mapping
Entrainment was used to confirm or rule out participation of a specific site in the circuit core. Entrainment mapping was performed by both pacing and recording from an electrode pair of a 20-pole electrode mapping catheter. Pacing was performed at cycle lengths 20-30 ms shorter than the tachycardia cycle length. Specific anatomic positioning of these catheters was individualized in each patient to provide simultaneous electrical recordings from several atrial sites and from regions in close proximity to abnormal anatomic architecture. 
Catheter Ablation
In the standard atriotomy, the lateral wall of the RA is incised after cannulation of the SVC and IVC for extracorporeal circulation. A narrow isthmus exists between the atriotomy and the SVC or IVC cannulation scar. The ablation site was chosen depending on the location of the incisional scar considering the length of the ablation line and stability of the ablation catheter (Fig 1) . In patients with a standard right atriotomy, the optimal ablation site was between the incisional scar and either the SVC or IVC cannulation scar. If the incisional scar was on the atrial septum, the target site was the area between the incision and the nearest scar tissue or an anatomical obstacle. RF was first targeted to the area at which the isthmus was considered the anatomically narrowest and at which catheter access was most easily achieved. RF was applied to create a lesion bridging the 2 barriers, the atriotomy and the cannulation scar. In patients in whom the isthmus was confirmed to be between the lower end of atriotomy scar and the IVC cannulation scar, RF was delivered from the inferior margin of the atriotomy scar down to the IVC cannulation scar. RF energy was delivered in the temperature-controlled mode (60°C) for 90-180 s. Bi-directional conduction block through the isthmus between the incision and the cannulation scar at the IVC or SVC was confirmed after ablation. Complete block of the atriotomy incision line was used for confirmation of successful ablation.
Results

Mechanisms of Tachycardias
Seventy-two supraventricular tachyarrhythmias were observed in this study (Table 1) . Type 1 AFL was observed in 23 patients and reverse type 1 AFL in 6 patients. In addition, 39 ATs was observed. According to the mapping results, AT was classified into 3 subgroups; incisional macroreentrant AT (n=31), incisional focal AT (n=1) and non-incisional AT (n=7). The mean cycle length of incisional macroreentrant incisional AT was 250±22 ms. Left atrial AT was observed in 2 patients: 1 was incisional AT and the other was nonincisional AT. Coexistence of AFL and incisional reentrant tachycardia (dual-loop AT) was observed in 17 patients (type 1 AFL in 12 patients and reverse type 1 AFL in 5 patients). In 4 patients, atrioventricular nodal reentrant tachycardia was induced.
Mapping of Incisional Macroreentrant AT and Catheter Ablation
In the patients with incisional macroreentrant AT after simple standard RA lateral atriotomy, mapping of incisional AT was obtained by using only a multipolar electrode catheter. Fig 2 shows an intracardiac recording in a patient after a ventricular septal defect repair and a mitral valve replacement. There was a standard incisional scar in the RA lateral wall. When the 20-pole electrode catheter was positioned on the tricuspid valve annulus, it revealed an ascending atrial activation sequence recorded from the free wall. Furthermore, when the catheter was positioned on the atriotomy scar, atrial electrograms from both the anterior and posterior sides of the incisional scar were recorded and "zigzag" waves were recorded from the 20-pole electrode catheter. This "zigzag" wave represented the recording of sequential potentials bridging the entire cycle length. The ablation catheter was positioned at the lower pivoting point that was located between the bottom of the incisional scar and the IVC cannulation scar. Entrainment pacing was performed from this catheter (Fig 3) . The activation sequence during pacing was the same as that observed during the tachycardia and the return cycle was equal to the tachycardia cycle length. Three RF applications were delivered to the isthmus between the atriotomy and the IVC cannulation scar. The tachycardia was terminated during the RF application. The "zigzag" waves were recorded in 27 of 31 patients (87%) after standard RA lateral atriotomy.
After termination of the incisional AT, the conduction at the isthmus between the incision and the scar tissue or an anatomical obstacle could be evaluated during sinus rhythm in the most of the patients. Fig 4 shows the atrial activations during sinus rhythm before and after successful ablation between the atriotomy and IVC cannulation scar. Although the first RF application terminated the incisional AT, activation at the lower incisional isthmus was still observed during sinus rhythm (Fig 4A) . After an additional RF application at the lower incisional isthmus, complete block around the atriotomy scar was documented during sinus rhythm (Fig 4B) . These phenomena were frequently observed in patients with superior-septal incision. Fig 5 shows the intracardiac recordings before and after ablation in a patient with post standard RA lateral atriotomy for atrial septal defect repair. The circuit of the AT was located around the lateral right atriotomy scar after the repair. Before the ablation, both the anterior and posterior sides were activated simultaneously during pacing from the lower posterior side of the atriotomy (Fig 5A) . After the RF applications, complete block at the isthmus between the atriotomy and the IVC cannulation scar was confirmed. The 20-polar electrode catheter was positioned on the crista terminalis. When the lower isthmus was ablated, the activation proceeded upward along the posterior side and downward along the anterior side through the upper turn-around point (Fig 5B) . Complete isthmus block from the other direction was also confirmed in the same fashion (Fig 5C,D) . Therefore, complete bi-directional block at the isthmus between the bottom of incisional scar and the IVC cannulation was confirmed.
Confirmation of Bi-Directional Block
Ablation Results
Successful catheter ablation was achieved in all 45 patients. In 31 cases of incisional reentrant AT, successful ablation was obtained at the isthmus between the incision and the SVC cannulation scar in 4 and the isthmus between the incision and the IVC cannulation scar in 22 ( Table 2 ). The number of RF applications and total duration of RF delivery at the isthmus between the incision and the SVC cannulation scar was 6.4±3.5 (range 3-10) and 7.1±2.9 (range 4.8-10.7) min, respectively, and at the isthmus between the incision and the IVC cannulation scar was 4.4±2.6 (range 1-10) and 7.5±4.4 (range 1.8-15.8) min, respectively. In 2 patients the area between the incision and tricuspid annulus was initially targeted; however, a complete bidirectional block could not be obtained at this site (3 and 18 RF applications). Subsequently, the area between the incisional scar and the IVC cannulation scar was targeted and successfully ablated. In 1 patient in whom the initial ablation attempt in the area between the incisional scar and SVC cannulation scar failed, ablation between the incisional scar and the IVC cannulation was successful. And in 1 patient in whom the initial ablation attempt in the area between the incisional scar and IVC cannulation scar failed, the ablation between the incisional scar and the SVC cannulation was successful. In 3 patients with septal atriotomy, the successful ablation site was the area between the incisional scar and the SVC (4.3±2.1 RF applications, range 2-6). In another post surgical patient for WolffParkinson-White syndrome, successful ablation of an incisional macroreentrant AT was obtained at the isthmus between the left atriotomy scar and mitral annulus. In another patient successful ablation was obtained in the middle of the incision in the lateral wall of RA. The mean number of RF applications and total duration of RF delivery for the incisional macroreentrant atrial tachycardias was 5.8±4.6 (range 1-20) and 8.8±6.7 (range 1.8-31.5) min, respectively.
One patient had an incisional focal AT arising from the middle portion of the incision, 3 patients had nonincisional focal AT from the upper portion of the crista terminalis, 2 patient had focal AT from the postero-septal tricuspid annulus and 1 patient had focal AT from left atrium. Type 1 AFL and reverse type 1 AFL (cavo-tricuspid isthmusrelated AFL) were successfully treated by the ablation at the cavo-tricuspid isthmus in all AFL patients. The mean procedure time of ablation was 102±45 min.
Follow-up
Patients have been followed up for 3-125 months (mean 48 months) without antiarrhythmic medications. Incisional macroreentrant AT recurred in 3 patients ( Table 2 ). The isthmus between the incisional scar and the IVC scar was previously ablated in 2 patients and between the septal incisional scar and SVC in 1. All 3 patients underwent successful re-ablation at the same sites. Type 1 AFL newly occurred in 3 patients in whom septal incisional macroreentrant AT and right incisional macroreentrant AT were previously ablated. In 2 patients with right incisional macroreentrant AT that was previously ablated, AT from the left atrium occurred.
Discussion
Incisional AT occurs frequently in patients who have undergone a prior surgical atriotomy. The decision of the sites for ablation is quite important for the treatment of these arrhythmias. Some reports indicate that the presence of entrainment with concealed fusion is essential, [6] [7] [8] others report that anatomically guided catheter ablation is effective. 5, [9] [10] [11] Some recent reports found the use of conventional mapping techniques contributes to a lower success rate for catheter ablation and a high recurrence rate in patients with AT after undergoing a surgical atriotomy. 1-2,12 Nakagawa et al considered that it was difficult to identify all of the channels by conventional mapping systems. 1 Evaluation with electroanatomical mapping systems can reveal the details of incisional macroreentrant AT, 1, 2, 12, 13 and may clarify the coexistence of AT and AFL. 8 These systems also allow rapid distinction between a focal origin and intra-atrial reentrant tachycardias, 2 but they are complicated and time-consuming to perform.
In this study, the entire sequence of the reentrant ATs that occurred after a standard atriotomy was recorded using only a conventional 20-pole electrode catheter. In most patients with a post standard right atriotomy, the circuit of the tachycardia was located around an incisional scar and we were able to evaluate the incisional reentrant AT with the conventional electrode catheter and ablate the aberrant rhythm. Complete bi-directional block was also confirmed by conventional catheter mapping technique. 14 Cosio et al have described the technique for ablating the region between the incisional scar and the IVC cannulation scar after confirming the inferior pivoting point by electrophysiological study. 15 In the present study, AT recurred in only 1 patient with acute success of the septal incisional AT. The higher success rate and lower recurrence rate for ablation of the AT suggest that the conventional mapping system is still useful for diagnosing and then ablating arrhythmias, at least in patients with a standard atriotomy. However, there are limitations to using only the conventional mapping systems. The new electroanatomical mapping systems may be needed in patients with left AT or complex incisions, for example after the Fontan operation.
Conclusions
Cavo-tricuspid isthmus-dependent AFL and incisional macroreentrant AT are the most common tachycardias that occur in patients after undergoing a surgical standard atriotomy, and they can coexist. The conventional mapping system using a 20-pole electrode catheter was useful in patients with a standard RA atriotomy, and catheter ablation of incisional ATs was safely carried out using this technique.
